After 2020 all new buildings must be energy efficient, which means that the construction industry workforce must be prepared and up-skilled. Formal and informal continuing education must respond to these changes, which means the curriculum needs to be updated and supplemented with the necessary knowledge and skills. This article provides the forecasts for blue-collar worker demand by 2020 in the construction industry and the number of construction workers who should be up-skilled or have extra training to be able to build energy efficient buildings and to install the renewable energy systems. The need for blue-collar workers in the construction sector up to the year 2020 was estimated by the use of mathematical models and expert evaluation, as well as taking into account the Lithuanian economic growth forecasts for the year 2020, trends of employment changes in the construction sector, the impact of EU support to the national economy and other factors having significant impact on employment in the construction sector.
Introduction
The construction sector is one of the most important sectors in the European Union. It creates about 10% of the GDP and positively affects the growth of employment in other related economic areas. The sector features a specific cyclical nature of work, relatively low productivity and a dominant number of small companies compared to other industries.
The Lithuanian construction sector contains about 5000 companies, of which 39% specialise in the construction of buildings and parts thereof. The sector is dominated by small companies (with less than 49 employees). The construction sector employs approximately 107,000 employees, of which a majority work in the subsector of building and their parts (about 68% of the construction industry are blue-collar workforce). Now the construction industry in Lithuania is faced with a variety of structural problems: many companies lack a skilled workforce, young people are not particularly attracted to the working conditions in this sector as it offers poor opportunities for innovation and is infested with extensive undeclared work. The built environment sector which grew at a staggering rate before the economic crisis, after the collapse of the real estate bubble in Lithuania and the shrinkage of the investment, experienced, in two years, the largest downfall among all sectors of the economy in 2009. The number of unemployed in the sector has increased, labour rates and earnings shrunk significantly, and investment rates fell. The results of Ginevičius and Podviezko's (2013) study revealed the instability of the Lithuanian commercial bank market in the 2007-2009 period. Similar situations in banking sectors also occurred in other European countries (Jurčević & Mihelja Žaja, 2013) . The crisis distorts the statistics and in the absence of reliable data it is difficult to assess the financial state of construction enterprises, sectors or regions, therefore new techniques have to be applied (Ginevičius & Podvezko, 2008; Brauers, Ginevičius, & Podvezko, 2010) . The crisis has had a dramatic impact on economies and labour markets worldwide. Despite indications that the world's economy is now emerging from recession, it is likely that employment growth in Europe will only gradually recover over the next decade. Recent studies prove that shocks affecting industry output have long lasting and even increasing effects over time (Škare & Stjepanović, 2013) . It is difficult to plan, formulate strategies and make decisions in a complex world characterised by limited predictability and high levels of uncertainty. Practically all economic and business decisions forecasts are crucial, however there are many studies (e.g. Makridakis, Hogarth, & Gaba, 2009; Danese & Kalchschmidt, 2011; Davydenko & Fildes, 2013) proving that accurate forecasting in the economic and business world is usually not possible. Even statistical models and human judgment have been unable to capture the full extent of future uncertainty. Analysts say that in the near future, in the most optimistic case, low growth can be expected -the prevailing uncertainty about the European debt crisis discourages enterprises from investing, and public sector contracts are scarce. The crisis in the Lithuanian built environment sector forced market participants to re-orient, giving more focus on the modernisation of buildings, construction of non-residential and engineering, utility buildings and EU-funded projects.
Due to the variety of the construction sector activities, the sociological and economic, organisational, cultural and technological challenges are addressed differently, there is different adaptation to the new rules and in taking advantage of the market opportunities. The targets of the Energy Performance of Buildings Directive 1 indicate that the construction sector will face some of the biggest challenges -to start the construction of nearly zero-energy buildings.
2 Jakovac (2013) study revealed that energy conservation policies together with the establishment of a competitive energy market may be feasible with little or no detrimental side effects to economic growth and employment. The market still has several years to prepare. The construction sector will have to adapt to these changes and provide personnel with the required skills and abilities. This is especially important in the training of employees for the construction of nearly zero-energy buildings, regardless of whether the work will be related to new or renovated buildings. In order to implement new technologies and organise the work flexibly, the blue-collar workforce in construction will need new skills and qualifications. Many studies (Gudienė, Banaitis, Podvezko, & Banaitienė, 2014; Zavadskas, Vilutienė, Turskis, & Šaparauskas, 2014; Hwang & Ng, 2013; Ibrahim, Costello, & Wilkinson, 2013 and other) reveal that a qualified workforce within the project team is one of the main success factors for construction enterprise.
This article presents the results of research performed in project BUILD UP Skills LT funded by strategic initiative BUILD UP Skills -EU under the Intelligent Energy Europe (IEE) programme to improve the qualification and skills of Europe's building workers, which are essential to build, equip and renovate buildings of high energy performance. The Initiative focuses on continuing education of craftsmen and other on-site construction workers and systems installers in the construction sector. While the European Commission recognises the strategic importance of other professions, such as energy experts and consultants, architects and engineers, these professions were not included in the scope of this research, as it was considered that there is a greater demand for skilled workers who must have skills related to the concept of energy efficient buildings and installation and maintenance of renewable energy systems. The final aim is to increase the number of qualified workers across Europe to deliver renovations of high energy performance as well as new, nearly zero-energy buildings. The initiative addresses skills in relation to energy efficiency and renewables in all types of buildings.
The project was initiated taking into account the declared 2020 targets of European Union member states and focuses on the continuing education and training required for the construction of energy efficient buildings and the efficient use of technologies of renewable energy sources. After 2020 all new buildings must be energy efficient, which means that the entire construction industry workforce must be prepared and up-skilled. Formal and informal continuing education must respond to these changes, which means the curriculum needs to be updated and supplemented with the necessary knowledge and skills. One of the objectives of the project is to provide the forecasts for blue-collar worker demand by 2020 in the construction industry and the number of construction workers who should be up-skilled or have extra training to be able to build energy efficient buildings and to install the renewable energy systems. This article presents the result of the implementation of this objective.
Forecasts for the demand for blue-collar workers in construction was made in two steps and cover both qualitative and quantitative approaches:
(1) The first step covers the analysis of available initial data, assumptions, expert assessment of separate indicators as well as expert assessment of demand for blue-collar workers using three different scenarios. ( 2) The next step shows the demand for workers employed in the construction sector was forecasted using the experts' assessment of priority occupations in construction and the selected mathematical model.
The results of the forecast present the distribution of necessary occupations in construction until 2020 according to pessimistic, optimistic and most likely scenarios. We do not state that we are providing precise and accurate forecasts, however this study can add value in planning the training of professions with strategic importance.
Mathematical model to forecast the demand of employed in the construction sector While forecasts cannot predict the future precisely and in great detail, they can signal trends and complement other labour market information. Their forward-looking dimension is key to inform institutions which devise long-term and proactive strategies (Skills Supply, 2010) . Forecast results also can have an early warning function as they draw an attention to problematic areas and highlight areas where we need to know more. Forecast results do benefit education and training providers, guidance and placement services and enterprises. The better they are informed, the more effective their decisions on skills investment will be.
Ross, Dalton, and Sertyesilisik (2013) , Chen, Chen, and Wei (2011), Gupta, Ye, and Saco (2013) , Nazarko and Kononiuk (2013) , Yazdani-Chamzini, Yakhchali, Volungevičienė, and Zavadskas (2012) , Catik and Karacuka (2012) , Mahmud and Mirza (2011) among other authors recently applied different mathematical models for forecasting of dynamics of the various phenomena.
The majority of the mathematical models (assisting in forecasting the values of the dynamic processes) are based on n year observation results (t i , y i ) -statistical data or expert assessments, t i is a observation period, y i -the Y values of the relevant year T in observation period; i = 1,2, ..., n.
The prediction model is based on n year observation results -statistical data or expert assessments (t i ; y i ) -the Y values of the relevant year T (Table 1) ; i = 1,2, …, n.
Few mathematical models can be suggested for a specific period, sufficiently adequately describing a specific period -an observed segment of time. Though, the forecasted values, counting in accordance with the different models, can differ among themselves and these differences can be considerable.
The forecasting models must correspond to these requirements:
(1) Models must be sufficiently simple so they could be easily put into practise and the obtained results could be easily perceived and considered. (2) In the future, the tendencies towards the development of the examined phenomenon must remain the same as they were in the period of observation. (3) The possibility to regulate the mathematical models when additional information about the development of the process and new statistic data is received should be foreseen. (4) The final model must be multivariate; individual models are able only to accidentally reflect the possible development of the process. (5) The models must evaluate the stochastic nature of initial information. (6) When trying to use the professional experience and intuition of the specialists, it is significant to evaluate the estimations and opinions of the qualified experts.
It is obligatory to evaluate the value of Y throughout the year t i , when t i , = T+1, T+2, …, T+L, where L is a forecasted period.
The aim of forecasting is to determine the Y values y i ¼ Y ðt i Þ during the observation period n, i.e. when i > n.
In most cases linear time trend, multiple regression model, auto-regression and models of moving average and other expert-based evaluation models are used to create a forecast. In the models of trend, an influence of a time factor t upon the forecasted characteristics is being singled out: y = Y(t).
At the beginning the curve -the mathematical relationship (equation) y ¼ Y ðtÞ is determining. The defined mathematical relationship (equation) should give the best (most accurate) description of dependency in observed period from t 1 till t n .
This task can be solved using the method of least squares, with the condition that the equations are linear in the respect of unknown coefficients a 0 , a 1 , …. The method of least squares is a standard approach to the approximate solution of overdetermined systems, i.e. sets of equations in which there are more equations than unknowns. 'Least squares' means that the overall solution minimises the sum of the squares of the errors made in the results of every single equation.
Mostly, the models of trend are being linear in respect of the unknown coefficients or are transformed into being linear in respect of the unknown coefficients. The examples would be:
t , parabola curve y = a 0 + a 1 x + a 2 x 2 and other analogous curves. For every (1) -(5) curve mean square error is calculating:
here k -the number of unknown coefficients of the curve equation, i.e. k = 3 in case of parabola, k = 2 in other cases; y teor i value calculated from the corresponding function
The best suitable, i.e. closest to points (t i , y i ), curve among selected is the one, that has the smallest value of the mean square error.
Multifactorial models of regression, studying the Y dependence upon the independent factors X 1 ,X 2 ,...,X n , could be presented in this way:
Multifunctional models (as well as trend models) are usually linear in respect of the unknown coefficients or are transformed into being linear in respect of the unknown coefficients:
or are converted into the second degree polynomials: Where the factors of X j models can be transformed into functions e X j ; ln X j ; 1 X j ; ffiffiffiffi ffi X j p and others.
In the models of autoregression, the values of the processes of a AP(p) p line are presented as being a linear combination of the values of a variable p in the previous year:
In the case of a process Y t being unstable, the models of an autoregression for some different Y t . Autoregressions of a moving average CC(q) q line and compound APCC(p,q) p line and models of a moving average of q line are also used to create a forecast.
In this case, retrospective data collected between 1990 and 2010 was poorly suitable when forming the mathematical methods, adequately describing the data of an examined period by forecasting the need of the professional workers from the construction sector till the year 2020. During the period of transition to market economy, few recessions, the birth of the new and the death of the old professions, only the qualified experts could have forecasted an upcoming need for labourers. They were asked to indicate the most probable meanings for the planned period of five years. They had to offer pessimistic, optimistic and the most likely to be realistic forecasts. From the various possible mathematical curves, a parabola y = a 0 + a 1 x + a 2 x 2 described the estimations of experts most adequately.
Prediction of annual number of blue-collar workers by expert assessment
The historical data for 1990-2010 was not suitable in our case for the prediction of the demand for construction workers until 2020 and for the construction of mathematical models that adequately describe the data for the observed period. The application of mathematical forecasting models alone is possible only if stable reliable historical statistical data that give clear trend is available. In our case these conditions are not met. During the mentioned period the regulatory mechanisms of market changed fundamentally. In early the nineties the country faced the transition to market economy, since then several recurrent crises have shaken the economy, the accession to the EU has influenced the monetary politics and changed regulatory systems of economy sectors. Undoubtedly these changes had an impact on the construction sector and lead to a distortion of the indicators. Crises distorted the demand indicators of occupations in construction. During this period new professions appeared, some existing professions were in less demand. In the period of transition to a market economy, facing a crisis of the economy, the emergence of new professions and the disappearance of previous professions, the prediction of the demand for workers must be performed by qualified experts. Experts representing the construction industry were asked to specify what they think was the highest expected value for the five year planning period. They were also asked to specify the 'pessimistic', the 'most realistic' and 'optimistic' forecasts. The annual demand for the blue-collar workforce in construction was determined according to three scenarios, i.e. the pessimistic, the most likely and the optimistic. These three forecasting scenarios were decided according to the estimated construction growth up to the year 2020 that was estimated according to the official Lithuanian economic growth forecasts for the year 2020, trends of employment changes in the construction sector, the impact of EU support to the national economy and other factors having significant impact on employment in the construction sector. For instance, demand for the profession could be substantially influenced by the building projects' characteristics for each building's purpose, therefore this factor was analysed by using Lithuanian normative standards. According to the cost ratios of work materials and machinery work, man hours were calculated and the annual demand for the blue-collar workers of main professions was estimated.
In addition, in the formation of the Forecast, possible changes in the structure of buildings were assessed by experts. Starting with 2015, there should be a rise in the relative weight of residential buildings in the total scope of the work. Also, taking into account the development of new technologies and renewable energy sources, as well as building energy efficiency requirements, the partial change in the blue-collar professions is forecasted by extending the requirements for basic qualifications. It should be noted that predictions can not be based on the number of buildings to be modernised, since most of them are privately owned (individual owners of separates flats in one building) and therefore due to little support it is hard to predict the future of the modernisation process.
According to the data from the European Centre for the Development of Vocational Training (CEDEFOP 3 ), employment in the construction sector will increase by 12.9% in 2020 compared with 2010. Compared with the last decade's changes, this forecasted rate is somewhat optimistic. During the period 2000-2010 the change in number of persons employed in the construction sector accounted for 10.7%. (Table 1) .
For the estimates of the demand of the profession, the annual domestic construction volume in million litas excluding VAT, including new construction, reconstruction, repair and other works, also the construction work carried out outside the country on own facilities, was assumed.
The target groups of the case study are skilled workers and craftsmen and unskilled workers. In the second quarter of 2013 this group accounted for 57,800 workers (Tables 2-3 ).
The Lithuanian economy and labour market in comparison with other EU economies are relatively young, having been rebuilt over the past two decades. The results of the case study presented in the research paper Skills Supply and Demand in Europe 2012 (CEDEFOP) revealed that Lithuania is structurally different because of supply and demand ratios of different qualifications. In Lithuania there are more severe shortages of workers with low-and medium-level qualifications than in the EU-28 average.
The prediction of demand for blue-collar workforce in the construction sector (hereinafter referred to as the Forecast), as mentioned previously, was conducted by expert assessment in accordance with the Lithuanian economic growth forecasts for the year 2020, 4 and the forecasts of main economic indicators of the Ministry of Finance of the Republic (Table 4) , as well as in the light of the main economic indicators of construction sector (Tables 5 and 6 ). In the projections of Lithuanian economic indicators made by the Ministry of Finance of the Republic of Lithuania the forecast of the Lithuanian economic growth in 2020 was made on the assumption that the scope of EU financial support for Lithuania during the new financial period of 2014-2020 will decrease by 14%, while the structure of support will remain the same as in the current period. The forecast included the evaluation of three economic growth scenarios, differing by exogenous indicator assumptions. The first pessimistic scenario was based on the assumption that Lithuania's main trading partners (Russia, Germany and Poland) will not develop, and the outside world's economic dynamics were ignored. Under these assumptions, the average annual real GDP growth is dependent on Lithuania's internal developments, and will reach 2.5%. In the second scenario the assumptions on the growth of Lithuania's major trading partners, global growth forecasts over the medium term were applied, based on the data from experts and international institutions. In this, the most likely scenario, the average GDP growth rate in Lithuania in 2012-2020 might be 3%, and up to half of this increase would be due to the EU's financial support. In the third scenario, with optimistic assumptions (low Lithuanian export price increases and inflation rates and more rapid development projections of partners), i.e. disregarding the problems causing doubts for experts in the world, our country's economic growth could reach an average of 4% per year. In order to determine the extent to which construction companies are already prepared for the year 2020, employers were asked the following questions in the survey:
How do you assess the preparedness of the company's blue-collar workers for the construction of energy efficient buildings? How do you assess the preparedness of the company's blue-collar workers for the use of renewable energy source technologies?
The survey results revealed that only about 40% of the company's blue-collar workers are prepared for the construction of energy efficient buildings (Figure 1 ). It means that additional learning is required for about 60% of the construction company workers, related to the construction of buildings, in the target group.
The number of those well prepared for the use of renewable energy source technologies is about 30% (Figure 2 ). It means that additional learning is required for about 70% of the construction company blue-collar workforce, related to the use of renewable energy technologies, in the target group.
The prediction of need for workers in the construction sector up to the year 2020 has been made by expert assessment of work extents and labour costs demand Table 6 . Gross value added of construction in GDP (2007 GDP ( -2012 Note: *gross domestic product by production approach, current prices. Source: Statistics Lithuania, 2012. Gross value added and gross domestic product by production approach by statistical indicators, economic activity (NACE 2). Figure 1 . The readiness of company blue-collar workers for the construction of energy efficient buildings. Source: Created by the authors. (Vaitkevičius, 2012) . In carrying out the Forecasting estimates the building project's characteristic for each building's purpose were analysed. For the work planned in main projects, in the normative way (according to the cost ratios of work materials and machinery) the demand of labour costs was calculated in man hours and the annual demand for the blue-collar workforce of main professions was estimated. Estimates of work extents and labour cost demands are carried out with the assumption that the country's construction sector is dominated by the buildings according to the building purpose indicated in Table 7 . After assessing the results of employers and educational institutions survey, as well as the structure of buildings under construction, the following priority occupations in the construction sector were determined:
Installers of prefabricated structures (Occ1) Joiners, carpenters (Occ2) Roofers (Occ3) Plumbers (Occ4) Welders (Occ5) Electricians (Occ6) Painters (Occ7) Plasterers (Occ8) Figure 2 . The readiness of company blue-collar workers for the use of renewable energy technologies. Source: Created by the authors. (Occ18) The annual demand for the blue-collar workforce in construction was calculated according to three scenarios, i.e. the pessimistic, the most likely and the optimistic. It was assumed that in the pessimistic scenario, the scope of work will grow by 2.5% every year, in the most likely scenario, 3% and in case of optimistic assumptions, 4% every year. These three forecasting scenarios were distinguished according to the estimated construction volume growth. The expert assessment until 2020 of the quantitative growth of the basic professions of blue-collar workforce and structural changes in occupations was prepared after considering the construction development trends, the forecasted scope of work, as well as the changes in the ongoing structure of work directly related to the implementation of innovative solutions and advanced methods in construction.
For the estimates of demand for workers, the annual domestic construction volume in million litas excluding VAT, including new construction, reconstruction, repair and other works, also the construction work carried out outside the country on own facilities, was assumed (Table 8) .
The annual predicted demand for the blue-collar workforce in construction calculated according to three scenarios, i.e. the pessimistic, the most likely and the optimistic, TOTAL 57, 375 57, 375 57, 375 58, 809 59, 097 59, 676 62, 256 63, 170 65, 031 67, 047 69, 030 73, 152 70, 434 73, 233 79, 118 Source: Authors' calculations.
provided by experts presented in Table 9 . Table 10 provides the annual predicted demand for the blue-collar workforce in construction by occupation. Expert evaluation results (see Tables 11 -13) show that by the year 2020 according to the optimistic scenario 39,613 workers will need additional training, according to the most likely scenario, 36,676 workers, and in the pessimistic scenario 35,277 workers will need additional training.
The prediction of annual numbers of blue-collar workers in the construction sector using the mathematical forecasting model In our case, for the prediction of the demand for construction workers until 2020, the historical data for the period 1990-2010 was not suitable for the construction of mathematical models that adequately describe the data for the observed period. In the period of transition to a market economy, facing a crisis in the economy, the emergence of new professions and the disappearance of previous professions, the prediction of the demand for workers could only be performed by qualified experts. They were asked to specify what they think the expected value for the five year planning period would be. It was necessary to specify the 'pessimistic', the 'most realistic' and 'optimistic' forecasts. One of the various possible mathematical relationships more adequately describing the assessment of experts is the parabola y = a 0 + a 1 x + a 2 x 2 . The application of parabolic model resulted less mean square error (S y ) (see formula (1)) than other applied Table 13 . Expert assessment of annual number of workers to be trained. mathematical models (linear regression, logarithmic, hyperbolic, and exponential models). Further calculations show that the results of the applied parabolic model (Table 14) are more consistent and coincide with the experts' assessments (Table 10 ). Therefore we only use the results of the parabolic model for the illustration of forecasting results of the annual number of blue-collar workers in the construction sector (Tables 14-16) . Tables 14-16 present the forecasts of demand for only most demanded occupations in construction.
The example diagram functions of the mathematical models used to forecast the demand of workers employed in the construction sector are presented in Figures 3 and 4 . Similarly, the predictive functions were calculated for all other occupations from target group. Figures 3 and 4 present the prognostic features for the roofers and joiners/ carpenters occupational group.
Forecasted annual demand for blue-collar workers until 2020 by occupation are presented in Table 14 and illustrated in Figure 5 .
The results of the revised forecast by a mathematical model shows that by the year 2020, according to the pessimistic scenario 35,210 workers will need additional training, according to most likely scenario, 36,608 workers, and in to the optimistic scenario, 39,548 workers will need additional training. How many workers will be trained each year will depend on many unpredictable factors and may not correspond to the forecasted numbers.
Conclusion
(1) The targets of the Energy Performance of Buildings Directive indicate that the construction sector will face some of the biggest challenges -to start the construction of nearly zero-energy buildings. In order to implement new technologies and organise the work flexibly, the blue-collar workforce in the construction sector will need new skills and knowledge. This is especially important in the training of employees for the construction of nearly zero-energy buildings, regardless of whether the work will be related to new or renovated buildings. (2) The forecasts provided in this article for blue-collar worker demand by 2020 in the construction industry and the number of construction workers who should be up-skilled or have extra training to be able to build energy efficient buildings and to install the renewable energy systems were based on expert assessment and mathematical model. (3) The forecasting process was complicated due to the lack of proper historical data suitable for the construction of mathematical models. The historical data needed for forecasting covered the period of transition to a market economy , facing a crisis in the economy, the emergence of new professions and the disappearance of the previous professions, therefore the decision was made to involve qualified experts for the primary prediction of the demand for workers. The results have shown the significant coincidence between both the expert assessment and the figures of the applied mathematical model. (4) The annual demand for the blue-collar workforce in construction was determined according to three scenarios: the pessimistic, the most likely and the optimistic. These three forecasting scenarios were decided according different factors having significant impact on employment in the construction sector. (5) The extent to which construction companies are already prepared for the year 2020 was also determined by questioning the employers in the survey. These figures were used in prediction of the number of construction workers who should be up-skilled or have extra training. Expert evaluation and results mathematical model indicated that by the year 2020 up to 39,000 workers can be trained. (6) An assessment presented on paper could serve as a guideline for the planning of worker trainings and other related initiatives in the construction sector by 2020. (7) Since most of the construction workers must pass extra training, formal and non-formal continuing education need to respond to the potential increase in demand for training and should be prepared. This means training programmes need to be updated, supplemented by appropriate topics covering necessary knowledge and skills, training facilities upgraded, teachers to be prepared (if necessary, trained additionally). Only then can the retraining of workers be started.
